The rare-earth monopnictide LaBi exhibits exotic magneto-transport properties including an extremely large and anisotropic magnetoresistance. Experimental evidence for topological surface states is still missing although band inversions have been postulated to induce a topological phase in LaBi. By employing angle-resolved photoemission spectroscopy (ARPES) in conjunction with ab initio calculations, we have revealed the existence of surface states 1 arXiv:1605.06997v2 [cond-mat.mtrl-sci]
of LaBi through the observation of three Dirac cones: two coexist at the corners and one appears at the center of the Brillouin zone. The odd number of surface Dirac cones is a direct consequence of the odd number of band inversions in the bulk band structure, thereby proving that LaBi is a topological, compensated semimetal, which is equivalent to a timereversal invariant topological insulator. Our findings provide insight into the topological surface states of LaBi's semi-metallicity and related magneto-transport properties.
One of the most important fingerprints of a topological state of matter is a topological surface state (TSS). Topological materials include topological insulators (TIs) 1, 2 and topological nodal semimetals, that are Dirac and Weyl semi-metals [3] [4] [5] [6] [7] [8] . A topological surface state of a TI is commonly observed as a Dirac-cone type dispersion inside an insulating bulk energy gap [9] [10] [11] , while a topological surface state of a Dirac or Weyl semimetal is characterized by Fermi arcs [12] [13] [14] [15] [16] .
However, it is challenging to identify the topological nature of surface states for a family of gapless TIs that are characterized by the non-trivial Z 2 type topological invariants, dubbed Z 2 -topological metals (Z 2 -TMs), due to the lack of a bulk energy gap. For instance, Dirac-like surface states have been found to overlap strongly with bulk states below the Fermi energy in the gapless Heusler TI compounds 17 . Only recently, the well known Rashba surface states of the element Au have been identified as topological surface states 18 . The family of rare-earth monopnictides LaX (X = P, As, Sb, Bi) can also be classified as Z 2 -TMs based on band structure calculations 19 . Moreover, a very large, unusual magnetoresistance has been observed in LaSb 20 , LaBi 21 and a similar compound YSb 22 , thus stimulating interest in directly observing any topological surface states. By contrast, angle-resolved photoelectron spectroscopy (ARPES) on LaSb has revealed that this compound has a topologically trivial band dispersion 23 .
LaBi is the compound with the strongest spin-orbit coupling (SOC) in the family of rareearth monopnictides. In this Letter, we have investigated its topological surface states by ARPES and ab initio calculations. Three Dirac cones have been identified in the surface band structure, unambiguously validating the topologically non-trivial nature of LaBi.
Results
LaBi crystallizes in the simple rock-salt structure (space group F m3m, No. 225), as shown in Brillouin zone of the fcc lattice. X and L points of bulk BZ are projected to M and X points of the surface BZ. In the bulk band structure, the conduction and valence bands exhibit opposite parities of wave functions and get inverted near the X point 19 . Although an indirect energy gap is missing with large electron and hole pockets at the Fermi energy 21 , the direct energy gap still appears at every k-point, allowing us to define the topological Z 2 invariant. We found that La-d and Bi-p states contribute to the band inversion (see Supplementary Figure 1 ). Three band inversions lead to a nontrivial Z 2 index ν 0 = 1, which is consistent with calculations of the parity product of all valence bands at eight time reversal invariant k-points 24 that include the Γ point, three non-equivalent X points and four non-equivalent L points. When these three band inversions are projected from the bulk to the (001) surface, three Dirac-cone like surface states appear. As show in We have further studied another related compound GdSb which is antiferromagnetic below 20 K. The ARPES measurement at 1 K reveals that there is no Dirac surface state at the Γ and M points (see Supplementary Figures 2 and 3) . It is further verified by our ab initio calculations where there is no band inversions occurring in the bulk band structure (see Supplementary Figure   4 ). Therefore, we conclude that GdSb is topologically trivial.
Although the Dirac-cone-type surface states can be revealed in the ARPES band structures, at the Γ point of the first BZ for k z = 0. However, at k z = π the Fermi surface exhibits a shift to the second BZ, leaving the Γ point of the first BZ relatively empty. Figure 4a shows the Fermi surface measured by ARPES for k z ≈ 0, which is well consistent with our calculations. Moreover, with decreasing the binding energy, one can find that the hole pockets at Γ increase in size while the electron pockets at M decrease in size. We note that the signals of surface state are too weak to be resolved in these Fermi surfaces. additionally, it is worth mentioning that our experimental findings about LaBi can be seen in a broader context of TIs with NaCl structure, where AmN and
PuTe were predicted to be correlated topological insulators 25 .
After finishing the manuscript, we began to realize recent APRES measurements on NdSb 26 and CeBi 27 where only surface states at the zone corner were revealed by ARPES, and LaBi
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where both zone corner and center surface bands were observed although the topological origin of these Dirac surface states was not fully recognized.
Methods
LaBi single crystals were grown in a Bi flux 21 and the crystal structure was determined by xray diffraction using a 4 circle diffractometer. The ARPES measurements were carried out at the UE112-PGM2b beamline of the synchrotron radiation facility BESSY (Berlin) using the 1 3 -ARPES end station that is equiped with a Scienta R4000 energy analyzer. All measurements were performed at a temperature of 1 K at various photon energies from 50 to 110 eV using both horizontal and vertical polarizations. The total energy resolution was approximately 4 meV and the angular resolution was 0.2 • . The electronic structure calculations were carried out using the local density approximation of the density-functional theory as implemented in the Vienna ab initio simulation package (VASP) 29 . The generalized gradient approximation 30 and Sb-p (parity "-") states to the band structure, respectively. In the GGA band structure, the valence band maximum (VBM) and conduction valence minimum (CBM) are Sb-p states and Gd-d states, respectively, at both Γ and X points. Thus, the Z 2 topological invariant ν 0 = 0 is trivial. In the HSE06 band structure, VBM and CBM are Gd-d states and Sb-p states, respectively, at both Γ and X points. Since the VBM and CBM are inverted at both Γ and X, the Z 2 invariant ν 0 = 0 is still trivial. Therefore, theoretical bulk band structures indicate that GdSb is topologically trivial, which is consistent with ARPES.
